Augmented Reality (AR) technology is sufficiently mature, where it is possible to evaluate improvement in human performance. A critical aspect of human performance is individual differences in AR. In the present study, the effect of gender on human performance in a "search and rescue" navigation task is assessed. Six conditions were investigated in the study: Two control conditions (paper map or compass prior to entering the maze), and four experimental conditions (combinations of egocentric and exocentric maps, and a continuouslyon or on-demand map display). 120 subjects equally divided between males and females were tested. Pre and post test questionnaires were administered. GuilfordZimmerman (G-Z) scores indicate that males perform better than females in spatial visualization and orientation tasks. The time for maze traversal for females exceeded that of males by 127 seconds on average for the no map condition. Also, males had better performance in covering the maze.
INTRODUCTION
Augmented reality (AR) describes a field of technology in which the real world is overlaid with additional information from a computer generated sensory display. AR has been defined by Barfield and Caudell (2001) as "a participant wears a see-through display that allows graphics or text to be projected in the real world". An example of AR is the Heads-Up Displays (HUDs) used in many aircrafts. AR systems can be classified into three groups: 1) augmentation not part of the environment, e.g., heads up display, 2) augmentation integrated and part of the environment, e.g., computer generated furnishings that are added to a real room, and 3) augmentation part of the environment, but not perceived without augmentation, e.g., an infrared sensor that is processed and fused with a real world scene. Current AR technology has reached a level of maturity, where research can begin optimizing AR configurations to enhance human performance. AR has the potential to reduce the cognitive load associated with task performance by overcoming the limitations of human sensory system and information processing capacities (Neumann & Majoros, 1998) .
One area of human performance that has not been studied in AR is gender differences on wayfinding performance. A specific wayfinding task, "search and rescue", is used in this study. Search and rescue entails searching an area, finding an objective, exiting by retracing a route learned during ingress, and recalling the configuration of the space traversed. Wayfinding is characterized by acquiring landmark, route, and survey knowledge about an area as described by Siegel and White (1975) .
Gender is a consideration in spatial tasks. Watson and Kimura (1991) studied sex differences on spatial oriented tasks related to throwing and intercepting objects. They found large differences between males and females on motor tasks and weak trends on paper-and-pencil spatial tasks. Also, Lawton and Morrin (1999) found men consistently outperformed women in pointing accuracy when traversing a simulated maze. The task investigated required participants to point towards what they believe the center of the simulated maze is located at certain points in the maze. The authors found that men consistently outperformed women in this task.
Hypotheses
The present study aims to extend the findings of gender differences on spatial performance between males and females in an AR setting. Does AR exhibit the same trend of males outperforming females when it comes to spatial tasks and if so, what AR design guidelines should be considered?
METHOD

Participants
136 subjects volunteered to participate in the experiment. Eight participants were used for pilot studies, data from seven participants had to be discarded because of equipment failures, and one participant's data was discarded because of errors in the pre-test briefing by the experimenter. The average age was 26.5 years with standard deviation of 9.9 years. Participants were randomly assigned to an experimental treatment. The sample was counterbalanced for gender across all treatments.
Apparatus
The apparatus consisted of the Battlefield Augmented Reality System (BARS) (Figure 1 ), a physical maze, and a representation of the maze programmed on the BARS and viewable through a MicroOptical SV-6 PC Viewer.
BARS is a mobile AR system integrated and configured by the Naval Research Laboratory (NRL). The type of AR implementation on the BARS represented information that is not part of the natural scene. System, front and side view. Figure 2 shows a scaled plan view representing the actual physical maze, which is equivalent to that seen by the participants. The maze was derived from other mazes used in studying navigation in virtual environments (Waller, 1998; JansenOsmann, 2002; Barlow, 2001 ). The maze was positioned under an IS-900 tracking system.
The irregular shaped mark in Figure 2 indicates where the target object was placed (was not displayed to participants). 
Tasks
During the study, each participant completed two tasks: a primary and a secondary embedded task. The primary task was to completely traverse the maze (including dead ends) before retrieving the target object. The secondary embedded task was to answer spatially-oriented questions placed at five locations in the physical maze. The purpose of the orientation questions was to increase mental workload.
Procedure
Before the start of the experiment, participants completed informed consent and demographics questionnaire. Participants were then tested for spatial abilities. Parts 5 and 6 of the Guilford-Zimmerman (G-Z) Aptitude Survey (as cited in Consulting Psychologists Press, 1976) were administered as pre-tests. Participants were also given the Immersive Tendencies Questionnaire that was adapted for AR (Singer and Witmer, 1996) and upon completing the task; they were given the Presence Questionnaire (Baird, 1999) .
The experiment procedure is as follows. First, the experimenter positions the participant at the entrance of the maze. After that, the experimenter enables BARS, the participant is told to begin, and the timer was started (the timer is not visible to the participant). Then, the participant begins traversing the maze and viewing their map (if available) and area covered. The participant answers the canvas bag spatially oriented questions is found on the maze wall. After that, the participant finds and retrieves the target object (a wireless tracker wand) and exits the maze through the shortest route. Finally, the experimenter stops the clock, stops the BARS exercise and collects the answers to the questions.
Experimental Design
A between-subjects design was used for the study. There are two independent variables and two control groups in this experiment. The independent variables are map orientation (Egocentric and Exocentric), and map display availability (On demand and Continuous). The two control groups are with map and without map. There were twenty participants in each treatment condition. Two dependent variables are used to assess human performance in traversing the maze: 1) total time (seconds) to complete the primary and secondary tasks and 2) percentage of the maze area covered using IS-900 tracker (Figure 3 gives a sample trace). An additional dependent variable, weighted time, was computed by dividing the total time by the percentage covered of the maze. 
RESULTS
Only gender related differences are presented in this paper, the other types of individual differences are being studied and will be addressed in the future. The gender effects on wayfinding navigation can be shown by the differences in performance in the different treatment conditions between males and females. Also, the analysis of G-Z survey validates the effect of gender on spatial visualization and spatial orientation capabilities.
Males outperform females in spatial visualization and orientation tasks, as indicated by G-Z survey results. Table 1 provides the descriptive statistics for the tests. Subjecting G-Z survey scores to ANOVA results in F(1, 119) = 12.267, p = .001, and F(1, 119) = 14.031, p < .001, for spatial visualization (SV) and spatial orientation (SO), respectively. The total time in the maze was analyzed using ANOVA. Participants in the Control Map condition spent considerably less time in the maze than either of the egocentric treatments, however it was not statistically significant when the treatments were considered on an aggregate basis, F(5, 119) = 1.677, p = .146. Data was analyzed on the affect of gender. In the Control No Map treatment, the average time for females exceeded that for males by over 127 seconds (p=.067).
ANOVA was also applied to the percentage coverage to reveal any significance between pair wise conditions. The overall effects were not significant, F(1, 119) = 1.746, p = .130. Gender effects were investigated by conducting separate ANOVAs on individual treatments. The Egocentric Continuous treatment showed marginal statistical significance, F(1,19) = 3.689, p=.071. In this treatment, males had better average performance than females in covering the maze (98.3% vs. 88.8%).
ANOVA across treatments for weighted time was conducted and was not significant, F(5, 119) = 1.245, p = .293. The effect of gender was considered within each treatment using ANACOVA. The only treatment showing any sex difference in performance was in the Control No Map treatment in which the average time for females exceeded that for males by over 125 seconds (p=.096).
DISCUSSION
The effect of gender on performance using mobile AR resembles a similar pattern to that noticed in real and virtual environments.
We consider a significance value of .10 as acceptable. Moore (1994) points out that using value of significance other than 0.05 depend on plausibility of null hypothesis and the consequences of rejecting it. Hence, the choice of α of 0.1 will guard against equipment variation and will allow establishing a baseline for human performance.
Although many treatments didn't show significance, the ones that did showed some statistical difference that males outperformed females. This gender effect was evident in the tests of spatial orientation and spatial visualization. Males also exhibited better performance than females on weighted time through the maze in the Control No Map treatment.
Of particular note is that there was no statistical correlation between pre hoc questionnaires and time or accuracy performance indicating limited utility of the G-Z tests as a predictor of navigational performance in AR. Several guidelines emerge from this study:
• Spatial tasks using AR (including navigation) should be tailored to gender differences. For example, if both genders will be using the same interface, the designer should bear in mind that females will have slower and less accurate performance and hence, additional cues may need to be added.
• Whenever possible, prior assessment of spatial abilities can be useful in identifying training needs and expected performance on navigation tasks.
